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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical element having high 
efficiency and high resolution enhanced by a plasmon effect, and to provide 
an optical read and write head using the same which enables read and write 
in a scale of wavelength or smaller on an optical disk. 
SOLUTION: The optical element of having high efficiency and high 
resolution enhanced by the plasmon effect and the optical read and write 
head using the optical element which enables the read and write in the 
scale of the wavelength or smaller on the optical disk are obtained by 
inserting a layer effective for Improving surface rugged portions as an 
intermediate layer between electrically conductive films. As a result, the 
recording and read of line data density higher than the line data density 
restricted by a light diffraction threshold are made possible. 
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1 

mot. mis,f^ii5i:um^m2<Dmm<D''pti<t'h- 

OSffi*^ e iiSm 2 ©Sffi»C]ia-r-5)i>^C < i: ■:3CD 
mat. WfBmi*5iyctg|g^2CDgB©'>/j:<ifc- 

tt$iis*54'r^l^#-r5#Hi«iigT*-i)j:i*l#Mt 20 

[»^JS3] mi*5J;Z>'m2 0«S$:WL« WIBIIl 
MPi. M3E^l*<tt;tf3BSl2<D^®©iJ>;a:<t'b— 

p^acTes^nsssa^issfi-r-STti^sii^-cc&o . 

^^t^i-rs^t^^^. 30 

mat. mmmi^^zsm^^2co^mcr)''pfj.<tti- 
■::>o^miz^mmzwt'>-fi=>nrc^m^^m^^^-r^m 

«tt7^';PA0WgB-O(D«B(cAW-r'53t7j^. illB^ 
n^y -OVAo^^PUK th—-:3<D^m±oymm-fyX'E 

T£^m'^^mviU!^<Dmmmm^&(Dmmmat^. wib 
Aitjto&fio 1/10 eiiTT** n t ^i^mt-rsjt 40 

5)MfBm 2 coSBta)i-r-5i!>;^£ < 1 1>— 
BSPt, MfB^l*3j;I^tl!rgB^2<Dg®(D'>^c< it)— 

m^y ^ )i^j^<Dmm—::>(DmmizxM-r^m\ mw,m 

BIHIdi*^ tftiEAW3tc9&fi©l/3 0 Oe^TT**:: 
i^l^mt-r^^fc^S^^^. 50 
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2 

o^ffiji^s WISH 2 ©sM(caji-r.5^>& < i fe-^f^ 

mat. fl5fBHl*J;rXiIIBH2©«E©i!>^< tt)- 
Utt^-fjUAWMIB— :5©^®tcAi>fri>Jt*^ mrfB« 

m^y-oui^tD'pttK t^—oo^m±o^mzfyX=E 

>^:-H<i:ffiHf^fflb, ^©i^«, MiBMPSSUre 

/j:«®#5*J^t^eA^1-©Mt3«ffigl5te©S®iafl75^ MfB 
AW^©jS:^©1/3 0 OKk-fX'$>i>Ct^^WLtt^ 

fBHlB:tXSI2©«M©M::^lrjgfi£$tlT*5 0, ^-fl** 
n©^«8S«S;^c^ ;i i:*!|^gifr5«liB«*« 1 75S 
6 IB«©3t<^^? . 

C»^«8] WIBMP©S«MieAW?te©IS[fi<fcO/jN 

^^^^zt %wwLtr^n^in-^-m. i tjm 4 aBtt©jt^« 

^mwmm-Tih^z.tt:f^w.tr^mtzm^^i7b^ 

[ff*Jii 1] mu^fm\t. (!>u<th-m*^<E>ts. 
^^mi^^nT$>^:it^^Wifri>mmmii^m 1 tim 
6 mmo^^m^o 

1 2 ] MiEiS«tt**!|ef C o Z r 3^^^. 
Ta, Cr. Ti, Zr. Nb. C©tim*^Ti&«> c: 

t ^^^sii-r^sfiiBa^a 9 fB®©3t^?^^. 

[f»*«l 3] WIB*gig:tt«W, S i, N4 . Si 
Oj . A 1 , O, . Taz Og . N i O, T 1 O2 . Z 

« NbOs ©^^-rn^^Tfe-sctsri^afr-sw 

fBW*^ 1 0 IB«©7t^^? . 

CW*JI14] WtB¥#^^*?i^*^ Ge. Si©Vi-f 
n*^T*-2)Ct^#®i:-r«lirtBfS««l liB«c©3t^ 

[i»^3S15] mrlB^H<«ji©^mtt7^';i'A©«lf3 

m 1 ©as^w-ri.s<i:ttitBH2 ©«®^*r-5>»*^. 

^JBT*« C t*#Stfr5«*qi 1 *^ 6 ©li 

-rtl3!)MCfB«fe©3t^^i^. 

1 6 ] mmmm^y ^ ;uA©tfif3^ i o^s 

<£*-rs^Rt;Jtt(IBm2©«H2:*-r5Ji©P$*^\ *5 
iBAIt5t©t(FfB«'v©«fi«i$ U+> •rT'X) <tO 

d i ^ #ai:-r 1 nm s f3«©7t^^^^, 

nxVi-S. C i: <&1#m<!:-r-5«*JS 1 TiS 6 f3«©^t^^ 
1 8 ] flai2^ffi#?feJg«©^^fcMH3JS«tt 

7-<;i'Aci8!i^-r-5«flj©ja«$<£«i;fcffi**. mi2« 
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mirs»*3S 1 1 8 c9i,i-rn*Mct3«c07fe*3g 
"p. 

[tt*JS2 2] 3tag*^^>ojt(::J;-3T3tlB1g!«^f;:« 10 

fB^tEltiKflsSffiT!)^ e>Bif:£©ii5$ Jc^±$-&^;tfe®X 
^-f^^-J^l^d^J^BJtSnTlri-SW^^RZ 2IB«©3tlSlg 20 

*t9, mlia«^#®*i, WfB^7 7"r/N'oai«7t*nU 

^£fB®S^-rS7fefB1t««:ffl'Sy KT^oT. MIBf» 
*«17iM2 llB«CO^#^?<i:. taiB^2i<^tii:^>^* 30 

m^izm^r^^'^t, mm^t^m^o^wsmmntimz 

^. mtd.^^mi=-(Dmat:mte,mi^mmz&t^vxm 

m^m25i ytmf)^^<r>^iz^^xytm^mmzm 
nt:tmm^L. wiB^ttBtSJifl^oiHiietCckOMfBj^fB 

-mmmm^nxi^^^m^mz 4iB«o^fB»«<^ffl 

^>>HT?&oT, Wffii»S[^g;35t. 5t7r'fnT*0. 40 

iift^^uxAtwian u ^- h^^mti^^m^\zm^ 

TSW^Xtr^L, «irtB«l;tt7-i';PAOWfH^2©^ 
c:<!:<£#a<i:-r?.3tlB1gi«#:ffl^-y K. 
[0 0 0 1] 
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jScfi^TO;*;^ ^? COM □ Sr^-r S^® X^; >iii|i7t 
SjI (sur face — p 1 asmon-enhanc 
ed optical transmission) $ 

[0 0 0 2] 

mmo^m cd (n>/"t^h7*'cxi?) Rt/tDVD 

«. ^•(DiSUix-^'iBgtaSS. n wxi; hSciStf. t}^- 
^•r*-rM:'je5?S:T'-yt31S«<*:trfj:0^-^* 

-i'^m\zhi)^i)^t>ii-r. $?>»'S5i^ifB®^s*ia*b 

<^±Oil9iS!t.^x-5'fBtft5eaSrfcfce.U, !«#:<D#;t 
©lHl^lSI^IC.koTfWIS$n€). Jth'-AO^fc^-K^&IBSl 

<DmmX'&^, ^ffiOMS:exTl3©^a$riiJ0-r-5fe 
[0 0 0 3] iHlSfdl^Srn'SK-r'Sfe^rTtLT, xn-^^-y 

Wt3 2 0 nm*^^ 3 0 nm) J; 0 JS^^^ittfe^S^ ;U 
= (4 7rne'' ) /m* T-^Ae.n, CClCntim^^ 

7 ^ □ <£a-r-55toeii5a*«M □ ©is 

[0 0 0 4] s^, z.<Di.^Uih^\mu^>^mt^ 
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[0 0 0 51 gig, 3tC0}g^fi*«©g?&#-r-5MP>?iJS: 

•5. : T. W. E b b e s e nflfl, "iSfi*«n 

^<DKmzi:^m<^^^^m (Ext raordin 
ary optical transmissiont 
hrough sub-wavelength hoi 10 
e arrays) Nature. #391, H6 
6 7 -6 6 9, (2H 1 2 B 1 9 9 8¥) . Jl^Hiltffai 
mWr^ 08/979, 432, T. W. Ebbese 
nffl. SaillH26B. 199 7 ^43«fct;*B1f W{K 
tarn. ffilS#-^ 60/051. 904, T. W. Eb 
be s e n(fe. tiai7fl 8 a. 1 9 9 7^) 

[0 0 0 6] vtm<D^amti^yt^m^\zis\,^T\t, m 

Tz, t*>L3tx^-Xi'Ofe^/f|^(DJ;5!feffi^{C*5t,i 

p. sfctt. fi'^^ti-tyhoymmz^fjmm-r^zth 
astt^dtT*^. Lt)^h^E^x%6^rj.B.mmm^ 30 

fc. Ebbe s e ne,a)^T«®y7X^>SfiJfflLfc 
[0 0 0 7] 

^^\znr^mmmmfi^%^x\ttji^^ i ^ rB^Mji^abo 

fc. :/7X^>3imT^5!)^J;<tii|g$ 
*-S:^tllCf53tSi*tbL/«#ii;!f's-;/ K$ffi#t-r-5 

(ittc^o. ^<?D«g«. mmmmz^D'^mf^n^m 

[0 0 0 8] 

[sas^ftf^ifcfeo^lS:] c:coj:5/j:3tSiS^©^ 50 
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'p^^mr^ftit)\z\t. mm^y jiA^miz^if^m. 
^^mmih\z^r)^mzf^x=E>iiimu.^n^iiti)^^ 

l/lO^rSAS^. «atCj;S)t/'?'7-©a**^ffil= 

mj.^m^^mm^m^rzmu<DmmBih^. xm-r^ 
fc. ^ii\z:i(D^^ttmmmj~mm'^^mi)i^m^rzm 

[0 0 0 9] mmmti^m^^i&^&.i^oi^m^&o^m 

mwa^'h^<-t^rztb\z\t. m l*5J;Z^m2©*®$ 

^^r^mmity ^ )U2^(Dmiz. mmhx^mLfzm. 

^Ts^li LTjf ATS C i*t*5axfe^. 
[0 0 10] «Sbfc^fC7^:;i'7TXa& 
Sti«M^S<i:fd:0=ili*^!!sfXS.-5. CoZr^S-^^, 
Ta. Cr. Ti, Zr, Nb. C. S1,N4. Si 
O2 , A 1 2 O3 , T aj Os . N i O. T i O2 . Z 
r02 , NbOs , S i, Ge^!;i*X*-5C:i:S:i|*Si:t 

[0 0 11] z.ay^^tj.'¥mm^m^WXT^::i:\z^ 
0. ^i*3J;o:m2cD«®^fl^ig-r^«S147^;i/A® 

t)%. i^%mziin^^m.m(Dmm.ii^. ®«t£7-f;uA 
^m\z%^rz>^m-:fyX^>=t-YtKfiti%t<r>ii^-S. 
fPffl(CckS^)®T-»0, mi:fe<fcl[/m2<0«B(C, 

fyx=^>f3^<^m-t^mo:>%'^ttim^(DVi:mm'pti^^m 
%mmt^^^m.\-s.. ^<D^f^\zwx-t^MfMt^^ 

^mz^mmihifi^m-^n^^iztts.^. ci® 
mt^^ots.um^mmt^:Lt\z^*). mn^y^)v 

[0 0 12] ^fc, s!s«tt7-<;uA®«siHiiatt. mm 
■^m. m^^w^fkmitt^:Lt\z^':>x'hi!m-r^z. 
tt^-^^xh^, M>^mz\t.. mmmz^^mmx\t. 

^c-f3^>^^-Ax/'?y^'U>i^te^ffl^i;ts^. 

4jmtt7^;UAO«inttOJ^»**/h$<;^cO. «SlHli!!i 
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to 0 1 3] *^Hj©3fe^^^tj. '>>^i<ifc-o®« 
SB O R fC 4= Fb^ » $ ffi ;i fcJSmtt 7 ^' ;U A ^ W L T V» 

•5. 

[0 0 14] feL^jSg*}iroOg<75Ma*W7i-i>^f5I 

^euT'iMPT^ofce). eii^^ (€2i^nfc5ss (x 

A^'O. 1 T-$>nti*52 X 1 0" M o 

ji«o^»!tti«Mijtt<&iigsi-r-5c:<i:t3j;i3, jtwesi 
[0 0 15] $^,tc. *fe§g(cj;!3> mE.mkW-m(D9t 

COM □ ^mmytmfjtmmzTimLxmwfr^ z. t 

[0 0 16] 

'Di)^<D^mz-D\^^Xt^v^-r^, «tt147^;i/AOmi<7) 
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mMm^^^tit^x(D^mx. ^^mv^o^mt^^ 

^j¥^^«a-r-5MPi:. ^mm\t-frntmm\iy ^ )v 
Tsfca. »«tt7-r;i'Ao^jp*sjra-a-f, "tti^ 

u^^mo:>mizhm^x^^, i^. :^mM(DMm\t»m 
wi^m^<Diiami^<^M-tm\z^-:3Xhm^-^titn,^ 
mL^m^nmvi<Dm^ -tut)*,. 

rid »«i47-<->i'A*3ii:Te2ir 

<) f^e.n-5®*^a$b^i. -r^^cfc-^. ds f . p. n 

d . AWOff^L^iM^Stt. ds P <P. ^.ttX. Hd 

A0-0(7)«B{cP^tTUSJg-&. Hd 
[0 0 17] m®^^Wt^t. Ell*v5l2I3«, *5S 

#M-r^fc. s*fl<jfc. *%0^«^^*^i ott. SI 

0 ai:m2©SB2 0 b Sr^t?»V>««tt7-i' 
;i'A2 Oco;«».;^cf,T, 4'WH2ltLT. SBHfl^eS: 

•5, ^IH47-i';i'A2 0«i!>;^£< i:t>-0©?L fJ^Ct) 
•fe, MP3 0<£Wb. ««<47-<;i/A2 0WSB2 0 

a. 2 0 b<7)^ife< ife— :375iTf20<t'5{c^WW&« 

H^Mfi^C^^*.. Illt5<tyt||2 0affii:. *Fb1^2 1 

[0 0 18] miro«B2 0 a ^02 (A) IC. S2(D 
aB2 0b*ia2 (B) fCS^T. 132 (A) Ic^fi'? 

'L^R4^W«B#3?lcJ^«t4 0 ?&-€-n^n^*, »<«S4 8 

\±nmp^^-r^. 02 (b) (cm2osB2 0 b<&5^ 

tt, Si a&5l,ittm2 0S®(^'>7S:< 

SBT-S&?)S2 (7)^852 0 b«, #-(^MP 3 0 <D^*^ 



[0 0 19] HI <^±g|5C:9cEnTiE^«S^$nfc I 

2 0b fCAl*b^«SW;5:SffiJ^!K$#-rsm 1 «B*^^ 

jgi:T5C:ttj;0. J; Offl^fcii:^$ns. 0 1 fc^ 

;Sn-5)«k5lC, MO 3 OroitSttdA eSI 
?$SS:«:^l®ti3fibT*iS5«f^S*#Sfcii)(CPP 3 0 
MO 3 0±(CAWrSAW7t<^)jSftJ;ti/h$ 

[0 0 2 0] mi fj.^^Lm2\z^Lrcmmm\zit. 
tnr\/^w^m^^mm^y -( )ia 2 0 -^^m^nx^^^. 
•tts.ibt>. mm\iy ^ JVM. 2 0 it^^mm mm }zm 

7^'Jl'A2 0$S«fc@5tbTfcJ;t,i. mpLI>i. 2 
0 0 nirK^my-i Jl'At'PmmtVXCoZ tT ay^ 

k. B = k. + i G 
JlCltC, k. „ \t^m-y^X'E>^i; k, =x 
(27C/A) s in5«, S6{C^T^II147'^;i/ACi 

I k, „ 1 = (w/c) ( £m £ 

0, *3it;i £„ i>£. tissf^. cntiAVPi?-/ 

A = P (£„ 6d / (Em + £d ) ) 
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-mm(D^miz&^mm{tmm±\zmmmi^mi&^'S: 
isin^^-^\zit. mxw'^^-yoymmt:mmmm±iz 
f^D, ^m/-^^->im^hitSiR±\zm^&y ^ 
^mm^^i>z.tiz^*), ^m^y ^ )vi.±\z$km^n 

[0 0 2 1] ^6\z. mits.^^vm2\z7r^vfi.^mm(D 

mit^-ri>S:mn\ziiani3.?>^&. ^rz\t. j^<d 

\zmm^^mmm(D-:k7tmmMi^i(Dm-^(Dmmm 
EI 5 \z^mf^nmmm<D-'A7immmm<Dm'^<o 

[0 0 2 2] ia6«*%Bjicj;s^!^^^©. mm\^y 
'OVAmiziumm^m^^tm^'^m'i^vimmwimm 

20 ^O^JE«R|tt5ttS, A#t*5j:aftB:^JtilS<DHaiE®i: 
fc^T. StS'^i? h;Uk, „ . tt^163ff^ 1 0©3l®'v 

(Dm'^N\zmve(DMmx-^^m^i o\zxM-r^o m 

30 [0 0 2 3] A«7t;5^*pM^. rr£t>t>. AMm^*^x 
tzm'mmmmmm^m-omm&y -{ ;i^a±cd«®;^7 

•5. 

(1) 

/P) c:iicp««Si)t?fej^ttco^lBT-a5 0. 

e«0lc*-rj;^J5:AWjSg'^i7 h;nt, „ c ^«tt7 
40 >r;i'A©«SS«SNflfl®:ftST*S. ^i7h)Vk. , <D 
;^ $ $ Tie y ^ X^ > CD »«HIIS^*^ ^ # e n « . 

/(£.+£,.))'''' (2) 

SittrAiiK-rTSito^. q =0) K-i^id^fiti 
jS; (1) i (2) Sffi*.^t)-&:/S:etTO (3) SCfCJ;*) 

' * (3) 

CD (lt#i^^3g^) *^7».5titt3t«?iif&« (7 

50 *h-7;u) frj;t3i^ffibfc. ^7 \z:^^mommmj.o 
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W^<i:LTCoZ rTa^JfAU;t«fiK (Ag (5 On 
m) /CoZrTa (2 0 0 nm) /Ag (50n 
m) ) T-*^. %tz.. ##i:L-T, ^WWi^cSffi?^^*^* 
J5:i'^«^©^t«ia;^^i^h;i/fc^bTt.i.5. dcDStfilctc 

TSSftfilHTfeS 6 2 0 nmftjfit-Sjitf-;:7;i^®!g 

©Nf, Sia^^wiitg^tts ofli*>5 5 ofS@g-e*t> 
eiiXi^SrSf. ^:n';)CoejiiX'^i7 h;i.0tf-i7«A 

[0 0 2 4] ^Jk\Z. *^BJ[CJ:^K!|EK^f^fi^ffi^5^ 

bfc. 3S«$iR^'f:f>tf-A (FIB) SB® 

*f'An, 1 X 1 0" ' To r rmT^7?S^5l^^fT 20 
5. ^-O^. F I BCDb*-A7/t-5^-\'-SSrS/jNiL 
T, SStCS 0 0 nmA^?) 6 0 0 nm^lSO|t|;£,^R^^© 

3 0 0 nmitfc. -f-©^, S«*F I B^B^^S-IXO 

ffiU. )5£gigB('-fe>y hf 1 0- ' To r rJJtT* 

A^^KiiefSSlOmU. F I + -t© 30 

F I B©t-A7/"?-9^Y-g^^/jNiLT. ilSB 
msMiiM^ii^n^iimz 5 0-2 0 0 nmWMaSS' 

[0 0 2 5] £(TlCf^S[L;ta~r©tSi|sf©«s!4&S^ 
•r. JttiEtLT. ^«tt7^Jl.A!4Ug*g*^e.;icSK 

OOnm, jgiliS: 3 0 0 nmtb, ^©*'il>a5tr 5 0 n 
m©M □gS:*-r -5 B§ □ ^f^K bfc. 

a. 535S^S/Ag (1 0 0 nm) /Co Z r X (1 40 
0 0 nm) /Ag (10 0 nm) 

(X = Nb. Ta, Cr> Mo;^!:i:) 

b. E^aiS/Ag (1 0 0 nm) /Ta (1 0 0 n 
m) /Ag (1 0 0 nm) 

c. 5^»«/Ag (1 0 0 nm) /C r (1 0 0 n 
m) /Ag ( 1 0 0 nm) 

d. 5^S1S/Ag ( 1 0 0 nm) /T I (1 0 0 n 
m) /Ag (1 0 0 nm) 

e. 5^S1g/Ag (1 0 0 nm) /Z r (1 0 0 n 

m) /Ag (10 0 nm) 50 
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f. 53?S«/Ag (1 OOnm) /Nb (1 0 On 
m) /Ag ( 1 0 0 nm) 

g. 5^Sffi/Ag (1 0 0 nm) /C (1 0 0 n 
m) /Ag (lOOnm) h. 5^S«/Ag (10 
0nm)/SijN4 ( 1 0 0 nm) /A g (1 0 0 n 

m) 

i. 5?SS«/Ag (1 0 Onm) /S i (10 
0 nm) /Ag ( 1 0 0 nm) 

j. 5^»1g/Ag (1 0 0 nm) /A I2 Os (1 

0 0 nm) /Ag (10 0 nm) 

k. 5^*S/Ag (1 0 Onm) /Ta, O5 (1 

0 0 nm) /Ag (10 0 nm) 

1 . 5^»«/A g (1 0 0 nm) /N i O (10 0 
nm) /A g ( 1 0 0 nm) 

m. 5^S1g/Ag (1 0 0 nm) /T i O2 (10 
0 nm) /Ag ( 1 0 0 nm) 

n. 5^a«/Ag (1 0 Onm) /Z rO, (10 
0 nm) /Ag ( 1 0 0 nm) 

o. E^aS/Ag (1 0 0 nm) /NbO, (10 
0 nm) /Ag (1 OOnm) 

p. 5^»1g/Ag (1 0 0 nm) /S 1 (1 0 0 n 

m) /A g ( 1 0 0 nm) 

Q. 5^S«/Ag (1 0 0 nm) /Ge (1 0 0 n 
m) /Ag ( 1 0 0 nm) 

r . 5^SS/Ag (3 0 0 nm) 

[0 0 2 6] 
[«1] 
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